Summary: MineBlast is a web service for literature search and presentation based on data-mining results received from UniProt. Users can submit a simple list of protein sequences via a webbased interface. MineBlast performs a BLASTP search in UniProt to identify names and synonyms based on homologous proteins and subsequently queries PubMed, using combined search terms in order to find and present relevant literature.
INTRODUCTION
Comparative genome analyses are an essential part of the process of assigning functions to open reading frames. But even in Escherichia coli, arguably the best studied of all prokaryotic organisms, only 70% of the genes have known functions. To overcome this limitation, functional studies are carried out continuously in many different organisms characterizing so far unknown gene functions or providing additional functional insights that subsequently are archived primarily in literature databases, and later in sequence databases such as UniProt (Bairoch et al., 2005) . Since comparative genome analyses are mainly based on sequence homology evaluated by tools such as BLAST (Altschul et al., 1997) , genome annotations of previously finished genome projects may quickly become outdated. Apart from information stored in UniProt, most recent information on a gene usually exists in the biomedical literature covered by PubMed (Putnam, 1998) .
To retrieve functional annotations and to assure the completeness of literature relevant to a list of genes, we implemented a two-step query in MineBlast to search for PubMed abstracts. In the first step, we perform a BLASTP query against UniProt finding homologous proteins and extracting gene names and synonyms, because global gene names overlap between different species, as well as literature references within entries. In the second step we query PubMed with a combined term of gene names and synonyms, and process found literature references in order to transform the data into a clearly laid out presentation that aids individual researchers in the manual and cost intensive process of literature evaluation. * To whom correspondence should be addressed.
IMPLEMENTATION AND FEATURES
MineBlast is accessed by entering FASTA-formatted protein sequences and setting optional parameters (e.g. published year over a specific period, BLAST E-value cut-off or additional search terms). A Perl script using BioPerl modules (Stajich et al., 2002) will process the query, and the user will receive an Email that the job is finished.
The script performs a BLASTP search against UniProt with an E-value or bit score minimum cut-off. UniProt entries of all homologous genes are parsed to extract annotations, gene names and synonyms. Biomedical literature references as mentioned in the entry are retrieved with the help of the efetch utility from the NCBI.
Gene names and synonyms are used to perform a keyword-based query using the PubMed interface to MEDLINE.
The resulting file representation is enhanced by the use of popup information boxes. These boxes contain additional information extracted from the annotations of the corresponding UniProt entry. MineBlast also provides direct links to query InterPro (Mulder et al., 2005) , STRING (von Mering et al., 2005) and to access the BLAST result file for the query sequence.
Finally, MineBlast recognizes interaction types by 12 terms and putative gene names in the abstract. Genes names and synonyms are extracted initially from all UniProt entries.
RESULTS
We tested MineBlast with 74 selected protein sequences that were originally annotated without functional assignment and are supposed to be involved in virulence of Listeria monocytogenes EGD-e, a human pathogen (Glaser et al., 2001) .
The MineBlast report reveals for 50% (37 proteins) of all subjected sequences additional functional information that can be extracted from UniProt and PubMed. For 22 proteins, a highly reliable functional annotation was retrieved from homologues and should be taken into account for the planned reannotation of the listerial genomes. In five of these cases, precise gene names can now be added to the corresponding database entries.
Whereas information about the subcellular localization and functionally relevant domains was mainly obtained directly from UniProt (MineBlast, Step 1), the PubMed search-considering automatically extracted synonyms and names-revealed that eight homologues were already the subject of individual studies and are cited either in the title or in the abstract of the found literature (MineBlast, Step 2). The result table can be found under http://leger2.gbf.de/Table1_MineBlast.html
DISCUSSION AND CONCLUSION
We have used BLAST to find entries in UniProt related by sequence similarity. The retrieved gene names and synonyms allow a broad query in PubMed, extracting the most recent state of biological information.
We have demonstrated with a sample analysis that MineBlast provides some highly valuable information. Additional assigned functions that were found by MineBlast have to be considered in new and ongoing projects of L. monocytogenes, a model organism for infection research.
Different approaches exist to address the problem of text mining in biology. The major interest of these existing systems is the identification of relevant biological entities (genes, proteins, etc.) in text thus enabling both the extraction of relationships between entities and pathway discovery from the literature (Becker et al., 2003; Jenssen et al., 2001; Mika and Rost, 2004; Perez-Iratxeta et al., 2003; Tanabe et al., 1999) . MineBlast presents information that supports the functional annotation of genes, a further step towards the automation of the total process and the standardization of genome projects and furthermore can assist in the generation of experimental designs.
Specifying an Entrez Date ranging over a fixed period provides the possibility to search only for the newest literature in PubMed. The restriction of a query to a specific genus often also improves the accuracy. To cite an example: the query of 'fmtc' as a gene name in the Staphylococcus genus (query term: 'fmtc AND staphylococcus') in PubMed prevents the finding of 'fmtc' as an abbreviation for 'familial medullary thyroid carcinoma'.
Since MineBlast includes data from UniProt as well as from PubMed it can also help to shorten the delay between the first evidence of a protein function that is published in the literature and its assignment to homologous proteins from other organisms. This is of highest interest for both researchers continuously involved in genome annotation and those who have to maintain the actuality of knowledgebases. Moreover, the functionality of MineBlast also supports the fast and reliable interpretation of results from proteome and transcriptome studies which very often suffer from incomplete or 'hidden' functional descriptions.
